| INTRODUCTION
Microalbuminuria is an early sign of diabetic nephropathy 1 and is associated with incident cardiovascular events. 2, 3 It has been well known that tight blood pressure control with antihypertensive medications targeting the renin-angiotensin system (RAS) can delay the deterioration of renal function and protect against cardiovascular events in patients with type 2 diabetes (T2D) and microalbuminuria. 4 However, previous study showed that approximately three to four antihypertensive drugs are necessary to control blood pressure in patients with diabetes. 5 Therefore, although RAS blockers are the first-line option for controlling blood pressure in patients with diabetes, the majority of patients need another class of antihypertensive drugs in addition to RAS blocker. In addition, it was reported that combination of drugs with different mechanism of action reduces blood pressure more effectively with fewer adverse effects. 6 Therefore, combination treatment of two different classes of antihypertensive medications showed a larger blood pressure reduction compared with doubling the dose of a single drug. 7 For optimal blood pressure control, different classes of antihypertensive drugs can be added to angiotensin receptor blockers (ARBs) or angiotensin-converting enzyme (ACE) inhibitors in patients with T2D.
Among them, RAS blocker in combination with a calcium channel blocker (CCB) was reported to be better for reducing cardiovascular events than were diuretics. 8 In addition, different voltage-gated calcium channel subtypes, including L-, T-, N-and P-/Q-types, have been suggested to be present within the renal vascular bed and tubules. 9 In clinical practice, although L-type CCBs are the most frequently prescribed CCBs, they mainly dilate afferent arterioles and possibly increase intraglomerular pressure. Therefore, L-type CCBs may not be appropriate for patients with renal impairment. 9 In contrast, N-type calcium channels are present at peripheral sympathetic nerve endings, which innervate both afferent and efferent arterioles. Therefore, inhibiting N-type calcium channels reduces intraglomerular pressure by dilating both afferent and efferent arterioles. 10 Cilnidipine is a dual L-/N-type CCB and a previous study demonstrated that cilnidipine treatment significantly reduces urinary protein excretion compared with amlodipine treatment in patients with chronic kidney disease and hypertension receiving an RAS blocker.
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Therefore, this study aimed to compare the anti-albuminuric effect of the L-/N-type CCB cilnidipine with the L-type CCB amlodipine in patients with T2D who were treated with ARB or ACE inhibitor. In addition, we tried to determine whether cilnidipine has more favourable effects on glucose tolerance, lipid parameters and endothelial function compared with amlodipine.
| MATERIALS AND METHODS

| Study subjects
Patients with T2D (age ≥18 years) with an HbA1c level ≤8.0% who had not used insulin for at least 12 weeks before screening were eligible to participate. Study participants had hypertension with microalbuminuria and were being treated with an ARB or ACE inhibitor for at least 12 weeks and had systolic and diastolic blood pressure controlled in the range of 100 to 140 mm Hg and ≤90 mm Hg at entry, respectively. Study participants were eligible for the study if the urine albumin to creatinine ratio (ACR) ranged from 30 to 300 mg/g creatinine on two of three morning urine collections. Exclusion criteria were treatment with an antihypertensive drug other than RAS blocker within 2 weeks before randomization, serum creatinine level higher than normal, abnormal liver function test (AST/ALT ≥ 3 × upper normal limit), severe hepatic dysfunction, severe aortic stenosis, use of drugs possibly affecting glucose metabolism (eg, glucocorticoid), and women who were pregnant or lactating. Lipid-lowering drugs, antiplatelet agents, anti-thrombotics, and vasodilators were prohibited but could be used if the patients were prescribed the drugs before screening and did not change the dosage.
Considering 20% drop out rate, the required sample size was estimated as 74 that significant difference could be detected when the difference in the mean ACR change between both groups was 15 mg/g creatinine (statistical power: 80%, two-sided level of significance: 5%)
considering the previous report. 12 Of the 157 screened patients with T2D, 83 were excluded, and 74 were enrolled in this study (intentionto-treat population). Among these 74 patients, 17 did not complete the study (withdrew informed consent, one patient; adverse effect, four patients; and violation of study protocol, 12 patients), and the remaining 57 patients were eligible for the per-protocol analysis.
This study was conducted in accordance with the Declaration of Helsinki. Informed written consent was obtained from all participants, and the study was approved by the Internal Review Board of each participating centre.
| Study design
This was a 24-week randomized, open-label, active-controlled, superiority, parallel-group clinical trial conducted at seven centres in Korea. The study included a 2-to 4-week run-in period. If the systolic and diastolic blood pressure was maintained at 100-150 mm Hg and <90 mm Hg, respectively, during the run-in period, the patient was eligible for the study and began a 24-week active treatment
What's known
• Renin-angiotensin system blockers are the first-line drug to control blood pressure in patients with diabetes.
• Renoprotection with calcium channel blockers may differ according to the types of calcium channel.
What's new
• Anti-albuminuric effect of cilnidipine is similar to that of amlodipine.
• Anti-albuminuric effect of cilnidipine differs according to duration of diabetes.
• Anti-albuminuric effect of cilnidipine is superior to that of amlodipine in patients with long duration of diabetes.
period. Eligible patients were randomly assigned to cilnidipine treatment (10 mg daily) or amlodipine treatment (5 mg daily) in combination with an ARB or ACE inhibitor. If blood pressure was low after randomization and caused a safety concern, the RAS blocker dosage could be titrated according to the investigator's decision. Clinic visits were scheduled 4, 12 and 24 weeks after randomization. Adherence to medication was assessed at each visit by pill counting, and nonadherent patients (<70%) were eliminated from the study.
The primary end-point was change in urine ACR from the pretreatment period to 12 and 24 weeks. The secondary end-points included metabolic parameters and endothelial function test at 12 and 24 weeks and change in blood pressure at 24 weeks.
| Clinical and laboratory examination
Comprehensive physical examination was performed at baseline, and personal medical history including smoking status, alcohol drinking, All blood tests were determined after an overnight fast more than 8 hours. Using an autoanalyzer, plasma glucose was measured by the hexokinase method. Plasma insulin was measured by radioimmunoassay. To estimate insulin sensitivity and insulin secretory capacity, the homoeostasis model assessment of insulin resistance (HOMA-IR) and HOMA-B% was calculated, respectively, based on fasting serum insulin and FPG levels. 13 The standard enzymatic method was used to measure total cholesterol, triglycerides, HDL cholesterol, and LDL cholesterol.
HbA1c level was measured by high-performance liquid chromatography. The Cockcroft-Gault formula was used to estimate glomerular filtration rate (GFR). 14 Urinary albumin concentration (μg) was measured using a turbidimetric immunoassay. Urinary creatinine concentration (mg) was measured with a colorimetric method, and ACR (mg/g) was calculated by dividing the urinary albumin concentration by the urinary creatinine concentration. 15 Serum total adiponectin, plasminogen activator inhibitor-1 (PAI-1), and 8-isoprostane levels were measured with commercial enzyme linked-immunosorbent assay (ELISA) kits. Serum cystatin C level was measured by the immuno-nephelometry method.
After 5 minutes rest in the supine position, brachial-ankle pulse wave velocity (baPWV) and Ankle Brachial Index (ABI) were determined using an automatic device (VP-2000; Colin, Komaki, Japan). Briefly, blood pressures were measured in the both arms and legs and simultaneously recorded pulse waves using an oscillometric cuff technique.
| Statistical analysis
Data are expressed as mean±SD for continuous variables and as proportion for categorical variables. To compare differences between groups, independent t-test or Wilcoxon's rank-sum test and χ 2 test or Fisher's exact test were used for continuous variables and for categorical variables, respectively. Paired t-test was used to compare differences within groups before and after treatment. All statistical analyses were performed using sas 9.3 (SAS Institute, Cary, NC). A P <.05 was considered significant. groups, respectively, and 68.9% of subjects were male. Blood pressure and glucose were well controlled in both groups, and no differences were noted between the two groups. In addition, renal function as estimated by GFR was slightly impaired (stage 2) and did not differ between groups (75.5±21.2 mL/min in the cilnidipine group and 78.0±23.6 mL/min in the amlodipine group, P=.78).
| RESULTS
At baseline, subjects in both groups had similar urinary albumin ex- Table 2 ).
We next divided study participants according to duration of diabetes. ACR reduction was similar between the two groups in patients with diabetes duration shorter than 10 years. However, in patients with diabetes longer than 10 years, the cilnidipine group showed a greater decrease in ACR than did the amlodipine group at 12 weeks (−84.7±106.8 mg/g in the cilnidipine group and −9.5±79.2 mg/g in the amlodipine group, P=.010) and 24 weeks (−84.0±111.7 mg/g in the cilnidipine group and 14.6±119.4 mg/g in the amlodipine group, P=.008) ( Table 3 ).
In terms of metabolic parameters, fasting glucose and glycated haemoglobin level, lipid measurements, and insulin sensitivity and resistance measures determined by HOMA-IR did not differ between the two groups at 12 or 24 weeks. In addition, adiponectin, high-sensitivity C-reactive protein (hsCRP), 8-isoprostane, and cystatin C levels were similar between the two groups. The cilnidipine group showed a greater decrease in PAI-1 level than did the amlodipine group at 12 weeks (−2.8±10.1 ng/mL in the cilnidipine group and 2.2±16.1 ng/mL in the amlodipine group, P=.011).
However, at 24 weeks, the amlodipine group had a greater decrease (Table 4) .
| DISCUSSION
In the current randomized control study in 74 Korean patients with T2D and hypertension treated with RAS blocker, cilnidipine treatment significantly reduced urine albumin excretion after 12 and 24 weeks but, not with amlodipine treatment. Although cilnidipine treatment did not decrease urinary ACR in the total study population, the cilnidipine group showed a larger ACR reduction compared with the amlodipine group in patients with longer duration of diabetes more than 10 years.
T A B L E 2 Changes in urine albumin creatinine ratio
T A B L E 4 Changes in cardiometabolic parameters (intention-to-treat analysis)
There have been conflicting results regarding whether an L-/Ntype CCB such as cilnidipine has additional renoprotective effects over an L-type CCB such as amlodipine. In a study performed in patients with hypertension and kidney disease receiving RAS blocker, a 1-year treatment with cilnidipine significantly decreased the urine protein excretion compared with amlodipine. 11 In addition, urine albumin excretion decreased significantly in patients with T2D after changing from L-type CCB to cilnidipine but not after changing from cilnidipine to an L-type CCB. 16 However, in this study, cilnidipine treatment did not show significant reduction in urinary ACR compared with amlodipine treatment, although cilnidipine decreased urinary ACR from baseline.
We cannot clearly explain why the anti-albuminuric effect of cilnidipine was not evident in our study, but we offer the following possibilities. First, contrary to previous studies, 11, 16 blood pressure was already well controlled in our study and was less than 130/80 mm Hg at enrolment (mean of approximately 125/75 mm Hg in both groups). 17, 18 Tight blood pressure control is essential for the prevention of progression of kidney disease 19 ; thus, the addition of another antihypertensive drug in our study may have had limited value in reducing ACR through blood pressure reduction. Systolic and diastolic blood pressure did not change after adding cilnidipine (Table 4) . Second, in our analysis, amlodipine treatment showed a greater reduction in blood pressure than cilnidipine treatment after 24 weeks, especially diastolic blood pressure (P=.03, Table 4 ). Thus, a greater decrease in ACR could be anticipated with the addition of amlodipine than with cilnidipine. Third, we uniformly enrolled subjects treated with RAS blocker.
However, only 28%-62% of subjects with T2D in a previous study were treated with an RAS blocker. 16 Thus, whether cilnidipine has an anti-albuminuric effect in patients already receiving an RAS blocker remains uncertain. In accordance with our results, Ando et al. reported
that a 1-year treatment with cilnidipine did not show a greater antialbuminuric effect than did amlodipine in patients with T2D and hypertension treated with an RAS blocker. 20 The authors speculated that the sympatholytic action of cilnidipine is mild and thus, it can delay kidney injury only in patients without diabetes but, may be too weak to counteract the severe afferent arteriolar vasodilation caused by diabetes. Thus, cilnidipine could be more appropriate for patients with early-stage diabetic nephropathy or hyperfiltrated kidney.
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Although cilnidipine treatment did not reduce urinary ACR in the total study population, adding cilnidipine to a RAS blocker had a greater effect on microalbuminuria than did amlodipine in patients with a long duration of T2D. We do not know why the anti-albuminuric effect of cilnidipine was more evident compared with amlodipine in patients with a long duration of diabetes (≥10 years) compared with patients with a short duration of diabetes (<10 years). However, this result may be partly because of cilnidipine being a dual L-/N-type CCB;
thus, the anti-albuminuric effect of cilnidipine could have the greatest benefited in patients with sympathetic overactivity or autonomic T A B L E 4 (Continued) dysfunction compared with amlodipine. Sympathetic nerve activity was reported to be enhanced in patients with diabetes, 21 and the prevalence of diabetic cardiac autonomic neuropathy increases with duration of diabetes. 22 Therefore, cilnidipine likely showed an antialbuminuric effect only in patients with a long duration of diabetes (≥10 years) who possibly have autonomic dysfunction.
In addition to its anti-proteinuric effect, cilnidipine has been reported to have diverse favourable cardiometabolic effects.
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Cilnidipine was reported to improve insulin sensitivity determined by the euglycemic clamp technique. 25 In addition, cilnidipine was reported to improve insulin sensitivity and glucose tolerance, possibly by increasing high-molecular weight adiponectin level in diet-induced obese mice. 26 However, in our analysis, fasting plasma glucose, HOMA-IR, lipid profile, hsCRP, and adiponectin levels were similar between the two groups. The anti-proteinuric effect of cilnidipine might be at least partly independent of its blood pressure-lowering effect. Cilnidipine dilates both afferent and efferent arterioles and consequently reduces intraglomerular pressure, which is associated with its anti-proteinuric properties. 10 Cilnidipine reduced urine albumin excretion and 8-hydroxy-deoxyguanosine, a marker of oxidative stress, compared with amlodipine treatment. 27 Therefore, the antioxidative properties of cilnidipine have been suggested to be associated with its anti-proteinuric effect. However, our results did not show any differences in levels of 8-isoprostane, a marker of oxidative stress; estimated GFR; or cystatin C, a maker of GFR, 28 between the two groups. The lack of effect on oxidative stress and renal function may be partly associated with the inability of cilnidipine to reduce proteinuria.
This study has some limitations. The sample size was relatively small, and it was difficult to perform subgroup analyses. Although we recruited study participants based on two of three morning urine collections, urine was only collected once to determine the efficacy of treatment. We did not determine sympathetic activity of study participants; thus, it is unclear whether the anti-albuminuric effect of cilnidipine differed from sympathetic activity in association with diabetes duration.
In conclusion, cilnidipine treatment did not decrease urine albumin excretion compared with amlodipine treatment in hypertensive patients with T2D and microalbuminuria who were treated with RAS blocker. However, the anti-albuminuric effect of cilnidipine appeared to differ according to duration of diabetes and was greater than that of amlodipine in patients with a duration of diabetes longer than 10 years.
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